INTRODUCTION
Phenol-formaldehyde resins belong to a group of plastics commonly used in various branches of domestic industry for production moulding forms, thermoinsulation materials, glues, lacquers, laminates as well as abrasive and frictional materials in which phenol-formaldehyde resins are used as a bonding agent. The industry is a potential source of occupational exposure to compounds that are mixtures of various chemicals and have various degrees of toxicity.
Tests of the products of the thermal degradation of phenol-formaldehyde resins, which are mentioned in the literature, usually refer to theoretical research carried out in order to study the structure and kinetics of reactions taking place due to temperature (Celler, Jasiń ska, Malikowska, Otwinowska, & Szczepankowska, 1983; Janio, Czakis-Sulikowska, Radwań ska-Doczekalska, 1989; Zowall, 1980; Zowall & Świa˛tecka, 1971) . Currently only few studies present the results of research carried out in order to determine the composition of the mixtures of volatile products emitted by the phenolformaldehyde resins in lower temperatures. Tests performed by Siepmann, Putz, and Swegt (1969) showed that during thermal hardening of moulding sands at a temperature of 220 o C with novolak resin, urotropine, and calcium stearate the following compounds were emitted: carbon monoxide and dioxide, nitrogen, ammonia, phenol, hydrogen cyanide, methane, and hydrogen. According to Hofig (1969) in the process of hardening phenolformaldehyde resins, which are binding agents of moulding sands, formaldehyde and phenol as well as their derivatives are emitted to a large extent. Kalman (1986) carried out an analysis of volatile compounds emitted by various types of plastics and phenol-formaldehyde resins used in the production of laminate, as a result of high temperature used in the course of their processing. The following were identified among resin thermodestruction products obtained at temperatures of 210-270 o C upon applying gas chromatography technique in conjunction with mass spectrometry: phenol, dimethylbisphenol, aliphatic alcohols, acetone, and formaldehyde.
Phenol-formaldehyde resins and volatile products released while processing them were recognised recently as harmful to human health (Bertazzi, Pesatori, Radice, Zochetti, & Vai, 1986) .
Identification of air pollutants emitted while processing phenol-formaldehyde resins and assessment of workers' exposure to chemical compounds were the aim of experimental investigations. Investigations were carried out in industrial plants during abrasive and frictional materials production. The plants used for the study are the most important of this kind of enterprises in Poland. More than 1,200 workers are employed there and about 800 are exposed to toxic compounds.
EXPERIMENTAL

Apparatus
A Hewlett-Packard (USA) HP 6890 gas chromatograph equipped with a flame ionisation detector and a HP 5972/A mass selective detector; a computer containing Wiley mass spectres' library; a Gynkotek (Germany) GINA 50 HPLC system equipped with a UV 170S spectrophotometer and fluorescence detectors; a laboratory shaker; a Supelco (USA) solid phase extraction-apparatus; personal SKC pumps.
Chemicals
Acetone, ethanol, 2,4-dinitrophenylhydrazine, phenol (P.P.H. POCh, Poland); acetonitrile for HPLC, 37% formalin, phenol, 2-furaldehyde, 2-furanmethanol, o-, m-, p-xylene, ethylbenzene, toluene, tetrachlorethene, butyl acetate, ethyl acetate, carbon disulphide-extra-pure (Riedel de Haën, Germany); 2,4-dinitrophenylhydrazones of formaldehyde, acetaldehyde, acrylaldehyde, furaldehyde synthesized by the Organic Industry Institute (Poland); Applied Science Laboratory (UK) silica gel for chromatography 0.25-0.59 mm; polycyclic aromatic hydrocarbons, silica gel coating 1% (m/m) 2,4-dinitrophenylhydrazine and ORBO-43 tubes (Supelco, USA); glass fibre filters of pore diameter 0.8 µm (Supelco, USA). Redistilled water was applied for preparation all solutions.
Methods
Gas chromatography-mass-selective detection (GC-MSD). The air samples taken from the workplaces were analysed in Hewlett-Packard (USA) HP-1 capillary column (50 m × 0.32 mm × 0.52 µm) cross-linked dimethylpolysiloxane fused silica in programmed temperature from 50 to 280 o C. Helium was used as the carrier gas, with the head pressure of 61 kPa. During the analysis a detector counted ions in the range from 20 to 400 amu. Identification of particular peaks in the obtained chromatograms was carried out by a computer comparison of their mass spectra with the model spectra of the Wiley Library. Identification was confirmed by comparing the retention time and mass spectra of particular compounds with the reference substances.
High performance liquid chromatography (HPLC). This method was used to determine aldehydes after their derivatization to 2,4-dinitrophenylhydrazons and polycyclic aromatic hydrocarbons (PAHs). The separation of hydrazones of aldehydes and the adequate sensitivity of determination were ensured by a Nucleosil (USA) C 18 /5 (25 m × 4.6 mm) column, acetonitrile and water (55 : 45) mobile phase, 2 ml min −1 flow rate, and by a 360 nm wave length UV detector. Separation of PAHs was performed on a Supelcosil TM LC-PAH column (Supelco, USA) with a gradient mobile phase of acetonitrile : water (60 : 40/3 min, 100 : 0/6 min, 60 : 40/12 min), 2.5 ml min Air sampling solid sorbents and desorption to the solution were used for adsorption of the compounds from investigated air. Adsorbing tubes consisting of three layers (100 and 50 mg) of silica gel and 200 mg 1% DNFH coating silica gel were used for adsorption of formaldehyde, acetaldehyde, acrylaldehyde, furaldehyde, phenol, furanmethanol, and naphthalene while passing 10-60 L with a flow rate of 150 ml min −1 (Anderson, Hallgren, & Levin, 1981; Pośniak & Politowicz, 1998 . After sampling the filters and tubes were stored in the dark at −20 o C. The filters and solid sorbent from ORBO-43 tubes were extracted ultrasonically with dichloromethane (20 ml) for 20 min. The extract was then evaporated nearly to dryness in nitrogen atmosphere. Purification of PAHs was achieved with the use of the solid phase extraction method on a Supelco-SPE Instrument.
Other compounds were adsorbed on active charcoal (100 and 50 mg) while sampling 10-50 L of air with flow rate 150 ml m −1 . The lowest detection limit and relative standard deviations of the methods used to determine these compounds are shown in Table 1 . 
RESULTS
Identification
Application of the methods described in the previous section (GC-MSD, HPLC) allowed to identify over 20 compounds in the mixtures emitted during three stages of producing abrasive and frictional materials: pulp preparation, moulding, and hardening of manufactured products. A list of compounds identified with GC-MSD and Polish Maximum Admissible Concentrations (MACs) are shown in Table 2 . By using the Wiley Library of mass spectra several options were given for each chromatographic signal. To approve the proposed fragmentation scheme, reference substances were analysed. Substances qualified only on the basis of library mass spectra were marked ( * ).
Investigations carried out with the use of HPLC showed presence of formaldehyde, acetaldehyde, furaldehyde, and acrylaldehyde in the samples obtained where the manufactured products were prepared.
Assessment of Occupational Exposure to Chemical Substances
Industrial hygienic measurements were carried out during typical production cycles of abrasive disks, clutch facing, and brake lining. In order to assess the health hazard of workers, the concentration of the compounds for which Polish MACs values exist were measured. Personal breathing-zone samples on 24 workplaces were collected during a normal process of producing abrasive and frictional materials according to Polish Standard PN-89/Z-04008/07 (Polski Komitet Normalizacji, Miar i Jakości, 1989) . Tables 3 and 4 
DISCUSSION
The results of the identification of chemical substances emitted in processes of producing abrasive and frictional materials have shown that toxic compounds are present in workplace air in three stages of these processes. About 20 chemical compounds representing different classes of organic products were found among the volatile compounds emitted from hardening manufactured products. Because of their suspected cancerogenicity, formaldehyde and PAHs were the most dangerous compounds. The calculation of the added effects (combined exposure) of air chemical impurities was very difficult because there were no hygienic standards available for several compounds either in Poland or abroad. The difficulties in measuring all substances in workplace air routinely are another problem. It is thus practical to choose some typical products from an emitted mixture and measure them to assess occupational exposure. The chosen substances can be used as indicator substances in hygienic measurements. The result of this study indicated that it is sufficient to measure formaldehyde, acetaldehyde, 2-furaldehyde, 2-furanmethanol, phenol, naphthalene, and PAHs to get a hygienic picture of the production process of abrasive materials. During the assessment of occupational exposure at workplaces for the production of friction linings, the following compounds should be determined: formaldehyde, acetaldehyde, 2-furaldehyde, phenol, xylene, ethylbenzene, toluene, tetrachlorethene, ethyl, and butyl acetate.
Exposure factors (time-weighted average concentrations) calculated on the basis of determined concentrations of particular compounds in workers' formaldehyde resins might be especially dangerous for human health at hot press workplaces for the production of abrasive materials.
The data summarised in this article appears to be the most comprehensive report of occupational exposure to toxic compounds emitted while phenol-formaldehyde resins processing and should constitute significant help in future hygiene studies of this group of workers.
